Abstract. We evaluated a dog owner, participation-based, bait delivery system for the oral immunization of dogs against rabies. In a field study in a semirural area of northern Tunisia, dog owners were asked to come to temporary bait delivery sites. A total of 314 baits were given to 178 dog owners in four sites. The experimental baits used consisted of a freeze-dried core unit containing sulfadimethoxine (SDM) as a biological marker and an aromatized paraffin envelope. No vaccine was used. Preliminary tests had shown that by using a rapid commercial card test, positive SDM serum levels were detected in more than 95% of dogs up to two days after bait ingestion. During the two days following bait delivery, we visited more than 95% of all households in the study area and took blood samples from as many owned dogs as possible. Unconsumed baits were recovered and human contacts with the bait matrix were recorded. The campaign required 7.6 person-min per bait and 13.5 person-min per dog owner for providing baits, gloves, and instructions. The estimated average cost effectiveness ratio per dog accepting a bait was 1.7 US dollars. From the indications given by the dog owners and the results of the SDM test, it was concluded that 85-90% of the owned dogs in the study area had consumed a bait at least partially. Of 314 baits delivered, 78.7% were fully consumed by dogs and 4.1% were recovered during the household survey. The remaining baits (17.2%) that were not recovered were either not consumed or only partially consumed by the target dogs (3.7 baits per 100 inhabitants). These baits probably remained within the highly populated areas and were potentially accessible to other domestic animals and other nontarget species, including humans. Twenty-five unprotected human contacts with baits were recorded (1.7% of all inhabitants). Our study has demonstrated the potential of dog owner based bait delivery. This technique is simple and efficient, particularly if the human population is accustomed to mass immunization in defined centers. Before applying this method on a large scale with live vaccine loaded baits, further studies should focus on minimizing the number of human contacts with the vaccine bait, systematizing contact identification and establishing structures in ensuring proper treatment if exposure to vaccine should occur.
Rabies is still an important public health problem in many parts of the world. For 1993 and 1994, the World Health Organization (WHO) reported more than 30,000 human rabies cases per year in 189 countries included in the world rabies survey. 1, 2 However, these figures probably do not reflect the actual mortality incidence of rabies. 3 In India alone, 30,000-50,000 people may die of rabies each year and more than 99% of all human rabies deaths in the world occur in developing countries. 4, 5 Domestic dogs are the animal species mainly responsible for the maintenance of the epizootic and the transmission of the disease to humans. Approximately 95% of all animal rabies cases reported worldwide are in dogs and up to 98% of the human fatalities are attributable to the bite of rabid dogs. 3 However, the public health burden of rabies is not limited to cases of mortality. Approximately six million people worldwide receive at least partial postexposure treatment annually and substantial morbidity and sometimes mortality are associated with the adverse reactions that follow the administration of vaccines prepared from the brain tissue still widely used in developing countries. 2 In the mid-1980s, the continuing social and economic burden of the disease led the WHO to strengthen a number of national programs aimed at the control of canine rabies, principally by mass immunization of dogs. 6 Taking the costs and benefits of such sustained campaigns into consideration it was suggested that disease elimination be a cost-effective long-term goal at least in countries where there is no known wildlife rabies.
Mass vaccination programs in developed countries have been effective in preventing rabies in dogs. These efforts resulted in a marked reduction in the incidence of human rabies and postexposure rabies treatments. However, rabies control programs in developing countries initiated in the last 20 years have not been as effective as could have been expected from experiences in western Europe, Japan, and the United States. 7 In some countries in Latin America and North Africa, mass vaccination of dogs reduced the number of rabies cases reported in animals and in humans. 8, 9 However, elimination of the disease was not achieved. In some countries, discontinuation of the control program or decreasing control efforts led to a resurgence of rabies. 10 It has been stressed that the constraints to effective dog rabies control are economic and logistical rather than technical. 11 They are related to poor accessibility of dogs and inadequate availability of effective rabies vaccines, particularly in view of their costs. Effective dog rabies control requires the immunization of a large proportion of the dog population over a period of several years to reduce the contact rate between rabid and susceptible dogs to a level too low to sustain rabies transmission within the population. However, due to limited public health budgets, developing countries that are confronted with an important dog rabies problem have difficulties in planning and implementing control measures on a long-term basis. The minimal vaccination coverage that may lead to rabies elimination depends on a number of parameters, such as dog density, proportion of poorly supervised and ownerless dogs in the population, and disease incidence at time of intervention. 12, 13 Canine rabies control programs by parenteral vaccination often fail in developing countries because an insufficient number of dogs are vaccinated. Oral vaccination represents an alternative or supplementary technique that may increase the overall vaccination coverage in the entire dog population, or within particular risk groups. It may render vaccination less laborious than it is today, and expand public acceptance and cooperation in canine rabies control. With respect to fox rabies, it has been demonstrated in Europe and in Canada that rabies elimination by oral immunization is possible. 14, 15 However, the technologies developed to control wildlife rabies in Europe and North America have to be adjusted for the control of rabies in dogs under the conditions of developing countries. Oral immunization of dogs requires effective rabies vaccines, dog-specific baits, and an economic and safe bait delivery system. The proximity of dogs, nontarget domestic species, and humans should be considered and vaccine exposure by nontarget species, including humans, minimized. Therefore, bait delivery systems for domestic dogs require approaches that are quite different from wildlife baiting, and safety and efficacy issues have to be reassessed in the specific context of developing countries.
In recent years, WHO has provided general research guidelines that include vaccine efficacy, safety, planning, and organization of field trials, use of oral vaccines in different socioeconomic contexts, accessibility of dogs for vaccination, potential field study sites, standardization of protocols, and the relationship between oral vaccination and dog ecology and behavior. [16] [17] [18] Since then, different studies on bait preferences, including the aspects of specific bait delivery methods have been carried out in different countries such as Mexico, 19 Turkey, 20 and Tunisia. 21, 22 An overview on bait formulation and bait delivery systems for oral rabies vaccination of domestic dogs and other carnivore species has been provided by Linhart and others. 16, 23 In June 1994, we tested a dog owner, participation-based, bait delivery system in a semirural zone in northern Tunisia in accordance with the WHO guidelines. This area had experienced annual mass immunization campaigns for parenteral vaccination of dogs since 1983. We used a prototype bait previously tested in Tunisia that was designed to contain a freeze-dried live modified rabies vaccine (SAG2). 24 However, no vaccine was used in this trial. We wanted to determine whether dog owners given baits at a central site would feed such baits to their dogs and if dogs had consumed the baits as subsequently measured by the presence of a systemic biomarker in their blood sera. We also wanted to make a preliminary assessment of the safety of the delivery system for humans.
MATERIALS AND METHODS
Study area. Bait delivery was tested in a semi-rural region in the district of Ariana in northern Tunisia. The selection of the study site followed WHO recommendations. Two well-defined areas were selected. Area I included one village (Chorfech; 161 households) and area II included two small adjacent villages (Chorfech 24 and Salète; 34 and 20 households, respectively). The distance between areas I and II was 5 km. According to a household survey carried out during this study, areas I and II had a total of 1,479 inhabitants.
Baits. For the preliminary biomarker tests, a first bait prototype (DBC) (45 mm ϫ 40 mm ϫ 14 mm; 25 g) developed by Laboratoires VIRBAC (Carros, France) was used. This bait consisted of a blister filled with a liquid biomarker and was coated with a liver-flavored paraffin matrix.
For field application, a second bait prototype (DBL2) (32 mm ϫ 37 mm ϫ 13 mm; 15 g) was developed. This consisted of a freeze-dried core unit containing a biomarker covered in a two-step process with an aromatized heat and water-resistant paraffin matrix. No vaccine was used. All baits were prepared in France and stored in Tunisia at 4ЊC.
Biomarker. Sulfadimethoxine (2,4-dimethoxy-6-sulfanilamidopyrimidine) (SDM) was used as a biomarker (360 mg per bait) either in a liquid (DBC, 1.8 ml of Dimex [VIR-BAC] in a blister) or in a dry, sodic form (DBL2). Dimex is an antimicrobial pharmaceutical containing sulfonamides as the active ingredient at a concentration of 20 g of SDM/ 100 ml. It is used as an antibacterial agent in cattle, poultry, and companion animals. It has been shown that SDM-treated animals accumulate significant levels of the drug in their tissues. 25, 26 A rapid commercial card test (EZ-SCREEN Sulfadimethoxine test; Environmental Diagnostic, Inc., Burlington, NC) was used to test for the presence of SDM in dog serum as an indicator of bait consumption.
Validation of biomarker detectability. To study the kinetics of detectable SDM levels in dog sera, two pretests were performed. A preliminary test was carried out in France under laboratory conditions in 1993 that included seven healthy female beagles (4-10 kg). Each dog was given a prototype bait (DBC) containing 360 mg of SDM. Blood samples were drawn at the beginning of the experiment and at one-day intervals up to the fourth day after complete bait consumption. Dog sera were tested by the EZ-SCREEN Sulfadimethoxine test.
In a second test, SDM detection in dog sera was studied under field conditions in a village (Borj Annour) in the district of Mornaguia in northern Tunisia. Owned dogs were presented with one of two SDM-laden experimental baits (chicken head and artificial prototype bait [DBC] ). The DBC and another type of experimental baits (DBL) without SDM were used as controls. The order in which test baits were presented was randomized. Dogs were observed during bait presentation and the amount of bait eaten was recorded. Between four and 11 dogs were sampled 1-7 days after complete bait consumption ( Table 1) . Analysis of SDM was carried out in France and limited to dogs that had consumed the whole bait. The probability of a dog having a positive SDM test result one day to one week after bait consumption was estimated by logistic regression analysis. The model included the number and the squared number of days between bait consumption and blood sampling.
To check for naturally occurring SDM levels, 48 randomly selected owned dogs were sampled in areas I and II 12 months after the bait delivery trial.
Bait delivery. Baits were delivered to dog owners in four delivery sites (two for each area). The procedure applied for Person ␣ registered the dog owners' names and filled in the standardized forms. Person ␤ delivered gloves and baits in plastic bags to the dog owners. Person ␥ gave individual information on how to use the baits and answered questions. Person ␦ was responsible for initial reception of the people, announcements by loud speaker, and the general organization of the fixed delivery point. Person ␦ was assisted by a changing number of highly motivated volunteering dog owners in the organization of the site (ⅷ). Dog owners (⅜) followed the track indicated by the arrows. Equipment: table (1), list for registration (2) , baits, plastic bags, gloves (3), chair (4), stock of baits, plastic bags, gloves (5), car (6), loudspeaker (7), and natural enclosure (8) .
bait delivery was the same in area I and area II and followed a pre-established protocol. Two days before the day of delivery (D -2 ), the local authorities including officials at district and village level were given detailed information on the nature and the aims of the test. On D -1 and D 0 , the time and place of the rabies vaccination campaign were announced all over the area and dog owners were invited to come to the delivery site to take baits for their dogs. Announcements in the local Arabic dialect were made by loud speaker fixed on a vehicle that circulated within the area. A total of 181 announcements (10-15 sec each) during six sessions were made in area I, and 74 announcements during five sessions were made in area II.
At D 0 , baits were distributed to all dog owners coming to the delivery site. A systematic house-to-house survey of the whole area was carried out at D ϩ1 and D ϩ2 and blood samples were drawn from all accessible dogs in the households.
Organization and equipment of the delivery sites is given in Figure 1 . Four people with different tasks formed a vaccination team. Dog owners' names and place of residence, number of dogs per household, and number of baits provided were recorded on standardized forms by one of the team members. Another member gave every dog owner a number of SDM-laden baits equivalent to the declared number of dogs greater than two months of age living in the household. People from outside the study areas who came to the delivery sites were given baits without SDM. Baits contained in a small plastic bag (20 ϫ 30 cm, Tangan; Migros, Zurich, Switzerland) were provided together with a simple one-size plastic glove (MIOBRILL; Migros). A third team member provided every dog owner with precise instructions for bait handling. All instructions were given in the local dialect. The dog owners were urged to immediately present the baits to their dogs and, whenever possible, observe whether the baits were consumed. Information was also given on safety aspects so as to avoid direct contact with the bait, to prevent consumption of baits by other domestic animals, and to keep baits away from children. The fourth person in the team was responsible for the overall management of the bait delivery site. The delivery sites remained open as long as dog owners presented for baits.
Household survey and blood sampling. During the two days following bait delivery, all households within a study area were visited and blood samples were drawn from every owned dog. For the capture of some free-roaming owned dogs, an anesthetic (Zoletil100; VIRBAC; recommended dosage for short term anesthesia ϭ 10-15 mg/kg of body weight) in arrow syringes was injected by blowpipe shot (mini-ject; Crepin S. A., Lagny s/Marne, France). Unconsumed baits were recovered whenever possible. Households were revisited repeatedly if the inhabitants were absent when the team called. One adult family member per household was interviewed in local Arabic dialect by staff of the Veterinary Research Institute of Tunis (IRVT) (Tunis, Tunisia) following a pre-established questionnaire in French. The experimental characteristics of the bait delivery campaign were explained and the dog owners were informed that the baits did not contain any vaccine. After blood sampling, every dog was vaccinated parenterally using a rabies vaccine produced locally (RabiRabta; IRVT). Blood samples were stored in cool boxes and centrifuged at the end of the day. After centrifugation, the sera were stored at Ϫ20ЊC and shipped to France for analysis. They were blindly tested as one batch by the EZ-SCREEN Sulfadimethoxine test.
Statistical analysis. An analytical software (STATISTIX Version 4.1; Analytical Software, Tallahassee, FL) was used for multivariate logistic regression. For other statistical analysis, database Epi-Info Version 6.02 (WHO and Centers for Disease Control and Prevention; Atlanta, GA) and FoxPro (Fox Software, Inc., Perrysburg, OH) was used. Graphics were drawn by HarvardGraphics Version 3.0 (Software Publishing Corporation, Mountain View, CA).
RESULTS
Pre-and post-tests for SDM levels in dog sera. Laboratory test in beagles. All seven beagles receiving a single DBC containing 360 mg of SDM were SDM positive on the first and second days after bait consumption. After three days, six dogs (85.7%) still had detectable traces of SDM in the serum and after four days SDM was detected in five dogs (71.4%).
Field evaluation in Borj Annour. Of 45 dogs tested with SDM-laden baits in Borj Annour, 10 were sampled the day following bait consumption (approximately 24 hr). All were SDM positive (Table 1) . None of the 44 controls that received another type of experimental baits (DBL) without SDM were SDM positive. The estimated probability of dogs being SDM positive two days after bait consumption was 94.4% (95% confidence interval [CI] ϭ 55.5-99.6%) and 75.1% (95% CI ϭ 45.6-91.5%) after three days.
Background level in the study area. None of the 48 randomly selected, owned dogs sampled in the two study areas one year after the bait distribution trial had detectable SDM levels in their serum.
We concluded from these experiments that only a minor SDM background level, if any, was present among owned dogs in the study area. The detection probability of SDM in sera from dogs that consumed a SDM-laden bait was considered to be 100%, 95%, and 75% after one, two, and three days, respectively.
Population structure. During the household survey a total of 208 dogs in area I and 111 dogs in area II were recorded ( Table 2) . A significantly higher number of households in area II (98.2%) than in area I (79.5%) had at least one dog (Yates' corrected chi-square P Ͻ 0.01) with a trend to more dogs per household with dogs in area II (2.09 versus 1.63) (P ϭ 0.079). The average number of dogs per household was more than one and a half times higher in area II than in area I. Besides the dog density, no significant differences were found in age structure and sex ratio between the dog populations of the two villages. In both areas, about 30% of the dogs were less than one year of age and 14% of the dogs were considered puppies. More than 70% of the dogs were males.
Bait delivery at the defined sites. Area I. A total of 194 SDM-laden baits (DBL2, containing 360 mg of SDM) were given to 123 dog owners who either came to the first (117) or second (6) bait delivery site (Table 3 ). The first site was operative for 1.58 hr (from 7:15 AM until 8:50 AM and the second for 0.5 hr (from 9:00 AM until 9:30 AM). At the first site, 81.2% of the total number of dog owners who came to this site received baits within 1 hr, and 85.1% of the total number of baits that had been delivered at this site were provided. During this period, which was characterized by a high number of arriving dog owners, 24 dog owners per person/hr were provided with baits and 40 baits per person/hr were delivered. When the duration was limited to the time interval between the first and the last dog owner in each of the two vaccination sites, the overall bait delivery rate for both centers was of 1.80 baits/min and 27 baits and approximately 17 dog owners per person/hr. During the entire operative period of the two sites, the bait delivery and dog owner equipment rates per person/hr were 23 baits and 15 dog owners, respectively.
Area II. A total of 120 SDM-laden baits were given to 55 dog owners. The delivery site was operative for 0.55 hr in the first village (from 8:27 AM until 9:00 AM) and for 0.77 hr in the second village (from 7:29 AM until 8.15 AM). The overall bait delivery and dog owner equipment rates (interval between first and last dog owner) were 26 baits and 12 dog owners per person/hr in the first village and 25 baits and 11 dog owners per person/hr in the second village. During the entire operative period of the two sites, the bait de- * Area I ϭ Chorfech; Area II ϭ Essalete (village I), Chorfech 24 (village II). † For four households without indication of the exact number of family members an average number of 6.64 persons per household was assumed. ‡ For four households the exact number of children and adults was not indicated. § For one household the exact number of children and adults was not indicated. ¶ The entire study site counted 20 puppies less than two months of age. # Of dogs for which the interviewees indicated an age of exactly one year, 31.2% were considered younger than 12 months. livery and dog owner equipment rates per person/hr were 20 baits and 10 dog owners for village I and 24 baits and 11 dogs owners for village II, respectively.
When the time spent for the announcements along with the installing and removal of the delivery sites is included, the delivery campaign in the two areas required an average of 7.6 person-min per bait and 13.5 person-min per dog owner.
Bait acceptance and SDM detection. According to the information given by the family members, a total of 185 baits (95.4% of the baits delivered at the vaccination sites) were presented to a total of 186 dogs in area I. One dog consumed two baits and four puppies were given broken parts of two baits. In area II, a total of 102 baits (85.0% of the baits delivered at the delivery sites of the two villages) were given to 102 dogs. The difference between the two areas in the proportion of baits delivered, which were actually presented to the dogs can be explained as follows. 1) Of the baits delivered, a higher proportion was traced back during the household survey in area I (97.5%) than in area II (94.2%). 2) Taking into consideration all dogs actually recorded during the house-to-house survey, the per capita number of baits requested by dog owners at the delivery site in area II (1.037 baits per dog) was slightly higher than in area I (0.959 baits per dog). After adjusting according to these two parameters, no differences in the proportion of baits delivered and actually presented to the dogs could be found between the two areas.
To simplify matters, and because no significant differences concerning bait acceptance and safety aspects were found between the two study areas, the results will be presented for the two areas as a whole. Nevertheless, the geographic distinction is maintained in the tables where necessary and place of residence was included in all statistical analysis as a potential control variable.
In both areas, a total of 278 dogs (87.2%) were reported to have consumed a bait at least partially. Of these, 246 consumed one or more baits entirely, 14 dogs accepted only parts of a bait, and for 18 dogs, the exact bait quantity consumed was not recorded. Of these 278 dogs, 99.3% (276) consumed the bait on the same day the baits were delivered to the dog owner. Eight dogs refused the bait and in two cases, dog owners did not know if the baits were accepted. Thirty-one (9.7%) of 319 dogs had no direct access to a bait. Thirteen of these (41.9%) were puppies considered to be too young for bait consumption. In 11 cases, dog owners did not come to the delivery site and therefore no baits were taken, and in one case, an insufficient number of baits was taken by the dog owner at the delivery site. For the remaining 16.7% (six) of the dogs, the reasons why a bait, although available, had not been presented remained unclear. An SDM result was available for 273 dogs (85.6%). Of these, 93.0% had a positive test result and 7.0% had a negative one. Of 46 dogs without an SDM test, 22 (47.8%) were absent from the household during blood sampling. Fifteen dogs could not be captured and handled during the survey, and therefore, no blood sample was taken. For seven dogs, the amount of serum available was insufficient and in two cases, the SDM test result was inconclusive.
Of all dogs with a conclusive SDM test result, 96.3% were offered a bait. Of the 46 dogs without a SDM test result, a significantly lower proportion (54.3%) had access to a bait (Yates' corrected chi-square P Ͻ 0.001). In addition, age was positively associated to a missing test in a logistic regression model including as independent variables bait presentation (P ϭ 0.069, by the WALD test) and age of the animal (P ϭ 0.051, by the WALD test). However, no statistically significant differences in bait acceptance were found between dogs with and without SDM tests when the analysis was limited to the dogs that actually had access to a bait. They consumed a bait at least partially in 97.3% and 96.5% of the cases, respectively.
For 271 dogs, an SDM test result and information given by the dog owner on acceptance or refusal of the bait were available. Of these, 254 dogs consumed a bait at least partially and 245 had a positive SDM test result. Of the remaining 17 dogs for which the interviewees indicated that either no bait was presented or bait consumption was refused, 41.2% were SDM positive. The percentage agreement between the two measurements (indications of the dog owners on bait consumption and SDM test result) was 94.1%. However, the observed agreement is substantially reduced when a correction is made for the agreement expected by chance. In this case, kappa has a value of 0.52, indicating a moderate strength of agreement between indications of the dog owners and the SDM test result. 27 Assuming a limit SDM prevalence of zero in dog sera from untested dogs that had no access to a bait and a positivity rate of the untested dogs with access equivalent to that of tested dogs with access (95.4%), the overall prevalence of traces of SDM in the dog population was estimated to be 87.1%. This figure may still slightly underestimate the SDM prevalence in the population because in 16.5% (45 of 273 dogs), serum samples were taken two days after bait delivery. The proportion of positive serum samples was 93.9% and 88.9% on D ϩ1 and D ϩ2 , respectively. We concluded that between 85% and 90% of the owned dogs in the study areas actually at least partially consumed a bait.
Bait acceptance was inversely associated with the age of the dogs (Table 4) . Of 278 bait-accepting dogs 69 (24.8%) were less than one year of age. All dogs that refused the bait were one year of age or older. No significant association was found between bait uptake and other variables such as sex, confinement of the dogs, mixing the bait with the dog's food, trial area, and interviewer specific parameters. However, since only a small number of dogs presented with a bait * Households registered at the fixed delivery site and visited during the house-to-house survey. † The estimated number of households with one or more dogs in the study area (N) is given by [(n 1 ϩ 1) ϫ (n 2 ϩ 1)/(n 12 ϩ 1)] Ϫ 1, where n 1 ϭ number of households registered at fixed delivery sites, n 2 ϭ number of households with one or more dogs localized during the house-to-house survey, and n 12 ϭ number of households identified by both systems.
‡ Baits not presented to dogs, or baits presented but not or only partially consumed or quantity consumed unknown.
refused to consume it, the probability of detecting a veritable association is low.
Completeness of the household survey. At the bait delivery sites, a total of 178 households with dogs were registered. During the household survey, 181 of 215 households visited were recorded as having dogs. Among those 181 households with dogs, 171 had already been registered at the bait delivery sites, where they had received a total of 302 baits. By using a simple capture-recapture model, it was estimated that the total number of households that keep dogs within the two study areas was 188 (95% CI ϭ 187-189) ( Table 5 ). This suggests that more than 95% of the households in the study areas were covered by the investigation.
Safety aspects. In 167 households, information was collected on the person who handled the baits. In 95.8% of the cases, the person who came to take baits at the delivery sites was a member of the household to which the dog belonged. At the delivery sites, baits were taken by children (Ͻ 16 years of age) in 16.2% of the cases, and in 9.0% of the cases, children delivered baits to dogs. In at least 25 cases, the person who took baits at the delivery site did not give them to the dogs. Therefore, in at least 15% of the cases, the people who handled the baits did not get information directly from the team on how to use these baits. Children were involved in 84.0% (21) of these cases.
Of 314 baits delivered to the inhabitants of the study area, 302 were traced back during the household survey (Table  5 ). Of these, 247 (81.8%) were fully consumed by dogs and 13 (nine intact and four partially consumed) had been recovered in six households. The remaining 42 unrecovered baits (13.9%) were either not consumed or only partially or totally consumed. By adding 12 baits that were not localized, a maximum number of 54 baits, 3.7 baits per 100 inhabitants, or 17.2% of the baits delivered may have been inappropriately stored and were perhaps accessible to domestic animals and other nontarget species including humans.
The household survey revealed that 1.7% of all inhabitants (20 adults and five children) had unprotected physical contact with a bait either by hand (19 adults and four children) or by mouth (one child). In the latter case no further information was given. In one case, the nature of the contact of an adult with a bait was not indicated. All direct bait contacts were reported in household members who collected at least one bait at the delivery site.
When asked to comment on oral immunization of dogs, 70.7% of the people interviewed had a positive opinion. In 3.8% the interviewee was opposed to the technique or found it risky, 25.6% had no opinion.
Costs. For the calculation of the average cost effectiveness ratio of dog owner, participation-based, bait delivery, 28 all activities relative to the experimental design of the study were ignored (Table 6 ). On the basis of a bait acceptance rate of 85-90% of the 319 owned dogs recorded in the study areas, the average cost per dog accepting a bait was estimated to be 1.6-1.8 US dollars. This figure does not include pre-exposure rabies prophylaxis and training of the team members, recovery of baits, treatment after probable vaccine exposure, as well as the purchase of loud speakers, vehicles, and computer hardware and software that were used for the bait delivery trial. The vaccine baits and salaries accounted for 68.3% and 27.4% of the total costs, respectively.
DISCUSSION
Evaluation of different bait delivery systems largely depends on the use of a valuable marker system to get an unbiased estimate of bait uptake by dogs. Several substances have been proposed for this purposes. 17, [29] [30] [31] [32] Our study demonstrated for the first time the value of using SDM in dogs as a short-term marker for baiting experiments in field conditions. In raccoons, SDM was used as a short-term antemortem seromarker for the assessment of bait uptake during a field safety evaluation of vaccine-laden baits on Parramore Island, Virginia. 30 Sulfonamides, such as sulfadimethoxine in combination with ormetoprim and sulfaquinoxaline, are used to treat coccidiosis and fowl cholera in chicken and turkey. 26 These diseases are endemic in Tunisia (Bessadok A, unpublished data). Both chickens and turkeys were present in the study areas, and poultry was shown to be an important food source for dogs in Tunisia, especially for ownerless dogs (Matter HC, unpublished data). Therefore, it cannot be excluded that poultry food containing sulfadimethoxine was used before and during the baiting trial.
Epstein and Ashworth calculated a half-life of SDM of 16 hr in serum and other tissues of turkeys experimentally fed with SDM (60 mg/kg). 26 Because the half-life of SDM was rather short, the test was limited to owned dogs, and no traces of SDM were found in a random sample of owned dogs of the study area 12 months after the baiting test, it seems unlikely that naturally occurring SDM levels detectable by the SDM test in this study have significantly influenced our results. The short half-life of SDM in dog sera is a limiting factor to the extension of similar baiting trials to a larger number of dogs. However, since a moderate agreement between the dog owners' indication about their dogs' bait consumption and the SDM results was found, bait uptake assessment could probably be limited to a household survey. However, it might be necessary to confirm the validity of the household survey results, especially if bait uptake rates are supposed to be lower than in our study. For this purpose, the prediction indexes should be reassessed by SDM analysis of a limited number of dog sera randomly collected during the first two days after bait delivery. It should also be considered that the bioavailability of SDM may differ in different bait formulations and appropriate pretests should be performed.
The use of a biomarker is especially useful in situations in which bait uptake cannot be observed directly. Detected SDM in serum indicates that marker containing bait substance has been consumed but it is only a crude indicator of exposure to vaccine. As proposed by Rupprecht and others for raccoons, vaccine efficacy field evaluation including serostudies and laboratory rabies challenge experiments with dogs exposed to the vaccine during bait delivery campaigns would be necessary as soon as a vaccine candidate has fulfilled the requirements for use in a controlled field trial. 33 The ultimate objective of rabies control is the protection of humans from infection and the reduction of economic losses due to the presence of the disease. 34 The decision as to whether a rabies control program is initiated in the dog population depends on the rabies situation in the country and on the resources annually available in the national budget for rabies control. However, if a dog rabies control program is initiated and applied for several years, but without achieving elimination, discontinuation will result in a complete loss of the time and financial resources invested. 10 Furthermore, as long as rabies is endemic in a country, a decreasing number of rabid dogs due to control effort does not automatically lead to a reduction in the number of postexposure treatments. Therefore, elimination of the disease seems the most costeffective ultimate goal after having initiated mass immunization of dogs. However, recent studies on canine rabies control have led to the conclusion that parenteral rabies vaccination of dogs is often insufficient to provide a vaccine coverage high enough to stop a rabies epidemic. 35, 36 Oral immunization might be a new approach to reach a sufficiently high herd-immunity level. As yet, no oral vaccine for dogs has been fully tested to resolve questions regarding safety and efficacy in field conditions. These topics will become of paramount importance as soon as oral immunogenicity in the target species and oral vaccine safety in the target (especially puppies) and nontarget species are demonstrated. 16 The development of a bait delivery system should take into consideration both efficacy and safety issues. Dog owner, participation-based, bait delivery at fixed sites is a two stage delivery model. Therefore, efficacy of the system has to be measured relative to the bait delivery to dog owners and to the bait uptake of dogs and also with respect to safety aspects.
The average bait delivery rate was approximately 25 baits per person/hr, with a team comprising four members. The maximum delivery rate was 40 baits per person/hr and was reached during the beginning of the bait delivery when the number of arriving dog owners was high. Recording the dog owners' names, determining the number of dogs per house-hold, and providing information on how to use the baits were the most time-consuming activities during bait delivery. They are, however, considered important parts of the delivery procedure because they are supposed to have a direct impact on the safety and efficacy of the delivery technique. Remembering the exact number of dogs was not always an easy task for the dog owners often excited by the unusual situation. However, the efficacy of the method is compromised if the number of baits provided is lower than the number of dogs in the household. If the number of baits exceeds the number of dogs, the probability that baits are improperly stored and become accessible to nontarget species and humans, especially children, increases. In our study, the number of reported human contacts to the bait was limited and no cases of bait consumption by animals other than dogs were reported. This information is not based on direct observation and may therefore underestimate the real situation. However, we believe that providing each individual at the bait delivery site with customized information on bait use considering his or her sex, age, and education level was at least partially responsible for the high bait uptake rate and the small number of human-bait contacts recorded. In addition, the use of bags and gloves probably better illustrated to the dog owners the necessity of avoiding any direct contact with the bait (even if touching an unbroken bait does not constitute an exposure) than any additional explanations. On the other hand, the distribution of plastic material might be questionable from an environmental point of view.
In any case, delivering baits to dog owners creates a condition for potential exposure of humans and nontarget species to baits and to vaccine if a vaccine is used. In our study, about one-sixth of the baits delivered were not consumed by the target dog and were probably left in the highly populated areas. Only approximately one-fifth of these baits was recovered following a time-consuming, systematic, household survey. It seems necessary to develop and test alternative bait recovery techniques that would be less time-consuming and more effective. The final question is not whether human exposure to bait and vaccine occurs, but how the number of exposures can be minimized, how case finding can be systematized and which structures must be established to guarantee adapted treatment application if vaccine exposure occurs.
Bait uptake of dogs was negatively associated with age. Younger dogs accepted a bait more often and were more likely to have a positive SDM result than older dogs. In some studies, no statistical age-dependent differences in bait uptake during bait preference tests were reported. 19, 37 In a pilot study in Zimbabwe, Perry and others found higher bait acceptance rates in dogs seven months of age or less than in older dogs. 38 In a field evaluation of baits in Mexico, Frontini and others reported differences in bait acceptance between dogs with a suspicious attitude and dogs with friendly behavior. 19 Long-term absence of the dog from the household may also be a factor that influences bait uptake. Dogs can be absent from the household because they are free-roaming or because they are kept at a different place, for example, as guard dogs for houses under construction, working machines in the fields, wells, etc. The attitude of these dogs and the way baits are presented to them may be different. Bait acceptance of this category of poorly supervised dogs should be studied further.
Approximately 30% of the dog owners reported that they presented the baits to their dogs together with other food to facilitate bait acceptance. One of the methods described by the dog owners was to put the bait into a piece of bread. Although in our study no statistically significant association between bait uptake and the way the bait was actually fed to the dog (alone or together with additional food) was found, it seems difficult to prevent dog owners from using this technique. In addition, it is probable that dog owners preferentially applied the technique of mixing the bait with food in situations in which the first effort to present the bait to the dog and to provoke bait uptake failed. Mixing with food may therefore have a positive effect on bait uptake. The ability of oral vaccine candidates to induce a sufficient immunologic response in the dog when the vaccine, the bait matrix, and food of different origin (milk, bread, meat, etc.) are mixed in the dog's mouth cavity should be assessed.
In 1989, WHO characterized the different approaches for distributing baits to dogs. 16 These techniques can be categorized in two major groups: 1) systematic, specific, or nonspecific placement of baits, either by aerial distribution (not generally recommended), nonspecific distribution (e.g., from a moving vehicle such as bicycles, automobiles), and specific, manual placement with or without recovery of baits at selected sites; and 2) hand-feeding of baits to individual dogs.
Our study has demonstrated the potential use of a dog owner-based bait delivery technique, a variant of the handfeeding method for the mass vaccination of dogs in Tunisia. In areas in which a high proportion of dogs are owned, dog owner participation-based bait delivery is simple and efficient, particularly if the human population is used to mass immunization in defined centers. In 1988, on the basis of data from the dog rabies control program in Tunisia, Ben Osman and Haddad estimated approximate costs of 1.5 US dollars per dog vaccinated between 1982 and 1987. 8 The vaccination coverage achieved during this period was heterogeneous and varied between 35% and 90% depending on the area. 39, 40 Dog owner participation-based bait delivery seems to be cost-effective when compared with parenteral dog vaccination. It is probably more effective with comparable costs. 41 However, it should be noted that this field trial was limited and carried out under special conditions. All people involved, including local authorities and the population of the study areas, were highly motivated to participate in the study. This may partly explain the high bait acceptance rate. The motivation of the human population and the staff involved in control programs is expected to decrease with the number of vaccination campaigns. This is a wellknown problem for parenteral mass immunization of dogs against rabies. 11 Although fixed-site vaccine delivery is widely used for human mass immunization, 42, 43 our results should be applied with caution to situations in which such campaigns are not common.
Nevertheless, the relative simplicity of the approach and its potential to reach high efficacy makes dog owner participation-based bait delivery a valuable alternative rabies control method. While awaiting an oral dog vaccine fulfilling the WHO requirements, the specific use of this method should be further assessed and different aspects of cost-effectiveness and safety be evaluated in comparison with parenteral immunization. These studies should be done in rabies-endemic countries such as Tunisia, which have relatively long experience in rabies control.
